Abstract. The present study aimed to evaluate the safety and efficiency of ciliary sulcus implantation of intraocular lens (IOL) in patients that had undergone manual small incision cataract surgery (MSICS) complicated by large posterior capsule rupture (LPCR). A total of 11 eyes taken from 11 patients in Brazzaville, Republic of the Congo, that had experienced LPCR following MSICS were included in the current study. A rigid single-piece IOL (5.5 mm optic, 12.50 mm overall length) was implanted into the ciliary sulcus. Postoperative follow-up assessments evaluated visual acuity, anterior segment biomicroscopy, IOL centration and position, and fundus biomicroscopy. The median follow-up time was 3.7 months (range, 2-6 months). All patients experienced vision improvement: Uncorrected visual acuity 2 months following surgery was 0.3-0.5 in 9 patients and >0.5 in 2 patients. Postoperative complications included pronounced anterior segment inflammation (1 patient), mild corneal endothelium edema (3 patients), residual cortex (1 patient) and intraocular pressure elevation (1 patient). Significant IOL decentration and tilt were not observed in any patients. The results of the present study indicate that ciliary sulcus implantation of a rigid single-piece IOL may be a feasible and effective method of treating patients that have experienced LPCR complications following cataract surgery, as it provides satisfactory visual acuity outcomes. Appropriate intraoperative management may reduce the incidence of postoperative complications.
Introduction
Globally, >284 million people are visually impaired, of which 39 million are blind (1) . It is estimated that >90% of the world's visually impaired population live in low and middle-income countries. Cataracts are currently the leading cause of avoidable blindness, particularly across Africa (2, 3) .
Current methods of treating cataracts include conventional extracapsular cataract surgery (ECCE), manual small incision cataract surgery (MSICS) and phacoemulsification (phaco). There are important differences between these different types of cataract surgery: ECCE may lead to surgically induced astigmatism more frequently than the other methods of treatment. Furthermore, the rehabilitation of visual acuity in patients following ECCE is slower and the complication rate is higher compared with that of MSICS and phaco (4) (5) (6) (7) . However, there is no difference between phacoe and MSICS for BCVA, UCVA, endothelial cell loss, intraoperative and postoperative complications (8) . However, the use of MSICS is more cost-effective as it avoids the expense of purchasing and maintaining a phaco machine. Therefore, MSICS has been recommended as an acceptable alternative to phaco to treat patients with cataracts in middle-and low-income countries (9, 10) .
Although cataract surgery is a safe and effective method of restoring sight (11) posterior capsular rupture (PCR) is an inevitable complication that still occurs in all patients that undergo cataract surgery, despite advances in technology (8) . PCR not only increases the risk of postoperative cystoid macular edema and retinal detachment and may also require implantation of a posterior chamber intraocular lens (IOL) (12, 13) . However, primary implantation of IOL in patients following surgery complicated by LPCR is not suitable without adequate capsule and zonular support (14) .
Between May 2013 and June 2015, MSICS were performed for 193 patients with age-related cataract at the Sino-Congo Friendship Hospital (Brazzaville, Congo). Of these patients, 11 experienced large PCR (LPCR) following surgery; therefore, primary IOL was implanted into the ciliary sulcus. The aim of the present study was to evaluate the safety and efficiency of the primary implantation of IOL in the ciliary sulcus of patients that had experienced LPCR following MSICS.
Patients and methods
Patients. A total of 11 consecutive patients were accepted into the current prospective study. Each patient presented with age-related cataracts and underwent MSICS at the Sino-Congo Friendship Hospital and developed a LPCR with a central posterior capsular rupture size of >5 mm and a normal anterior capsule, or a >120 and <180 degree of peripheral rupture (15) . The median age of the patients was 69.8 years old (range, 48-79 years) and there were 7 males and 4 females. Of the 11 patients, 5 experienced LPCR in the right eye and 6 had LPCR in the left eye. The types of cataracts in the patients were as follows: Posterior subcapsular cataract in 1 patient, intumescent cataracts in 2 patients, mature cataracts in 5 patients and hypermature cataracts in 3 patients (Table I) . In these cases, the posterior capsular rupture occurred during nucleus removal in 8 patients and during irrigation/aspiration in 3 patients. Furthermore, 10 of the 11 patients exhibited vitreous prolapse. All patients provided informed consent for inclusion in the current study and ethical approval was obtained from the Ethics Committee of Tianjin Medical University Eye Hospital (Tianjin, China).
Surgical procedure. For all patients that underwent MSICS, following adequate mydriasis with tropicamide 0.8% and phenylephrine 5% compound tropicamide eye drops (Shenyang Sinqi Pharmaceutical Co., Ltd., Shenyang, China), local anesthesia was induced using a 2 ml 2% lidocaine hydrochloride injection (Tianjin Pharmaceutical Group Xinzheng Co., Ltd., Zhengzhou, China) via retrobulbar block. The conjunctiva was cut open using scissors along the superior limbus, forming a fornix based conjunctival flap and haemostasis was achieved with cauterization. A 5.5-mm straight scleral incision of partial thickness was made 2 mm behind the corneal limbus. A scleral tunnel was constructed using a crescent knife (Sharpoint™; Surgical Specialties Corporation; Angiotech, Vancouver, Canada) and extended up to 1.0 mm into the clear cornea. Additional paracentesis was made at 10 o'clock position using a paracentesis knife (Sharpoint™; Surgical Specialties Corporation; Angiotech, Vancouver, Canada). Through the paracentesis, viscoelastic materials (Medical sodium hyaluronate gel; Shanghai Qisheng, Biological Preparation Co., Ltd., Shanghai, China) were injected to form the anterior chamber and protect the corneal endothelium. Subsequently, a 3.2-mm keratome (Sharpoint™; Surgical Specialties Corporation; Angiotech) was used to access the anterior chamber and the internal corneal incision was extended up to 10 mm. A continuous curvilinear capsulorhexis (CCC) of 5-6 mm was initiated and completed using a bent 25-gauge needle. If the CCC margin extended to the equatorial part of the lens, the CCC was converted to canopener anterior capsulotomy in 3 patients. Hydrodissection was completed using a 24-gauge cannula. Viscoelastic materials were injected into anterior chamber and 2 Sinskey hooks were introduced via the tunnel incision. The first hook was inserted under the rhexis with the tip pressed gently against the inferior margin of lens nucleus, and the other hook elevated the superior margin of the lens nucleus and held it. The first hook rotated the nucleus towards the margin of the rhexis continuously until the nucleus prolapsed into the anterior chamber. The prolapsed nucleus was extracted from the eye using a lens loop. The cortex was removed using a simcoe irrigation/aspiration cannula. A rigid single-piece IOL (5.5 mm optic, 12.5 mm overall length; Eyegood Medical, Co., Ltd., Zhuhai, China) was implanted in the capsular bag inflated by viscoelastic materials and its position was adjusted using a lens hook. Posterior capsular rupture may occur during the aforementioned process and patients with LPCR (15) were included in the current study.
Treatment of LPCR.
When PCR occurred, the operation was stopped and viscoelastic materials were immediately injected into the capsular bag to tamp the capsule rupture to avoid or minimize the loss of vitreous and nuclei fragments into the vitreous cavity. Any vitreous prolapses in the anterior chamber were completely removed using Mcpherson-Vannas scissors. Cortical remnants were gently cleaned up manually with Simcoe cannula with closing the irrigation fluid (dry absorption method) (16) . Following the injection of viscoelastic materials between the iris and potential remaining anterior capsule, the first haptic of IOL was inserted through the 5.5 mm scleral tunnel incision into the ciliary sulcus. The IOL was then rotated horizontally using a lens hook to insert the second haptic into ciliary sulcus, then the lens hook was inserted behind IOL to hold it and adjust its position in order to ensure that the two haptics were well positioned in the ciliary sulcus. Viscoelastic materials were cleaned up using an aspirating cannula and an air bubble was injected via paracentesis into the anterior chamber in order to maintain normal intraocular pressure. The integrity of the self-sealing scleral incision was ensured and conjunctival flap was sutured using two stitches with a 10-0 suture.
Postoperative treatment. Postoperatively, all patients received one drop of topical eye drops, (TobraDex; Shanghai Lilian Information Technology Co., Ltd., Shanghai, China), 4 times a day for 2 weeks. Patients also received one drop of Pranopulin (Senju Pharmaceutical Co., Ltd., Oska, Japan) 4 times a day for 4 weeks. Follow-up was performed 1 day, 1 week, 2 weeks and 1 month following surgery, and monthly thereafter. The median follow-up time was 3.7 months (range, 2-6 months). At each follow-up visit, visual acuity was monitored and a complete ocular examination was performed using a slit lamp microscope and ophthalmoscopy. Intraocular pressure was examined using a Schiotz tonometer, if required. Each examination evaluated visual acuity, corneal edema, anterior chamber depth and inflammation, posterior synechia of iris, intraocular pressure, lens decentration and tilt, intraocular hemorrhage, cystoid macular edema and retinal detachment.
Results
Visual acuity. In the present study, the International Standard Visual Acuity Chart was adopted to assess visual acuity (17) . In this study, uncorrected visual acuity [normal range, ≥0.3 (18)] was 0.05-0.3 in 2 patients, 0.3-0.5 in 7 patients and >0.5 in 2 patients, 1 day postoperation. After 1 week, uncorrected visual acuity was <0.3 in 1 patient, 0.3-0.5 in 8 patients and >0.5 in 2 patients. At weeks after the operation, uncorrected visual acuity was 0.3-0.5 in 9 patients and >0.5 in 2 patients. At 1 and 2 months postoperation, uncorrected visual acuity remained at 0.3-0.5 in 9 patients and was >0.5 in 2 patients. At the final follow up visit, uncorrected visual acuity was 0.3-0.5 in 9 patients and >0.5 in 2 patients (Table II) . Postoperative visual acuity was categorized according to the World Health Organization (WHO) Guidelines (19), as follows: A good outcome (0.3-1.0), a borderline outcome (0.1-0.3) and a poor outcome (<0.1). Therefore, the results indicate that no patients exhibited a poor outcome of visual acuity in the final follow-up assessment.
IOL centration and position. IOL centration was evaluated following pupil dilation with compound tropicamide eye drops. IOL decentration was defined when the optic edge of the 5.5 mm optic diameter IOL was visible through a 4.5 mm diameter pupil as a result of tilt or subluxation >1.0 mm. Postoperatively, IOLs were well positioned in all patients without a clear IOL tilt, decentration or luxation (Table III) .
Postoperative complications. A number of complications were observed, including pronounced anterior segment inflammation, observed in 1 patient. This inflammation was reduced within 2 weeks following surgery. Mild corneal endothelium edema (MCEE) was observed in 3 patients immediately following surgery; however 1 week later, corneal stroma edema and bullous keratopathy were no longer observed. Small residual cortex fragments were observed at the back of the peripheral iris in 1 patient, this was not present 1 month following surgery; pupil area in this patient was transparent. Transient elevated intraocular pressure was observed in 1 patient 1 day following surgery, due to the remaining viscoelastic materials. Subsequently, 250 ml 20% mannitol was administrated intravenously and intraocular pressure immediately returned to normal levels. PCR carries a high incidence of various postoperative complications including, chronic intraocular inflammation, CME, IOL dislocation, retinal detachment and endophthalmitis (20) . These were not observed in the present study (Table IV) .
Discussion
Modern cataract surgery is safe and effective in >95% of patients, but in a small number of cases, intraoperative and postoperative complications may occur (20) . These may lead to failure of the IOL implant and potentially vision loss. PCR is a complication that may occur during cataract surgery, despite various technological advances that have improved the safety of such procedures (12) . The primary factors leading to PCR include lens dislocation during capsulotomy, a smaller incision for the nucleus expression, high pressure from the posterior chamber, small pupil in the course of cortex aspiration and traction on the capsular bag when removing anterior part of the cortex causing unexpected damage to the posterior capsule (21). Day et al (22) demonstrated that PCR and/or vitreous loss occurred in 1.95% of patients that underwent cataract surgery. However, this varies slightly depending on the cataract operation completed; the incidence was 0.27% in femtosecond laser cataract surgery (23), 0.68% in phaco (24), 2.0% in MSICS (25) and 2.9% in ECCE (26) .
Although the incidence of PCR is higher in patients that undergo MSICS, it remains the primary method of operating on cataracts in low-and middle-income countries, as it is a more cost effective method of removing cataracts than other procedures, yet still yields good postoperative results (10) . Future studies should aim to improve the treatment of PCR and minimize the risks to patients following implantation of an ideal IOL in MSICS.
Following PCR, it is important to establish whether the implantation of a posterior chamber IOL would be suitable. Previous studies have determined that posterior chamber IOL may be implanted successfully in cases involving small PCR (27, 28) , however, the risks associated with implantation are higher in patients with LPCR (29) . Implantation of IOL, regardless of the size of PCR, may cause IOL tilt, dislocation and the misplacement of haptics into the vitreous cavity (17) . In such conditions, there are other options for the implantation of IOL, including primary anterior chamber lens implantation and secondary scleral-fixated intraocular lens implantation (30, 31) .
The present study investigated 11 patients that had developed LPCR following MSICS in Brazzaville, Republic of the Congo that underwent IOL implantation into the scleral sulcus to restore the visual acuity of these patients. The present study assessed the effectiveness of this method with the aim of improving the treatment of patients with cataracts in lowand middle-income countries, such as the Republic of the Congo. A number of reasons, including chronic shortages of medical materials, mean the only feasible method of treating the complications the occur following cataract surgery is IOL. The majority of patients will be unable to undergo second implantation of IOL, as cost and transport duration pose a formidable barrier (32, 33) . Furthermore, there are often shortages of cataract surgeons, nurses and equipment in low-and middle-income countries, and the training of new cataract surgeons is not sufficient to meet demand (33, 34) . In addition, it is often difficult to access optometric services in such countries, therefore all patients following cataract surgery that are unable to undergo implantation, will experience reduced postoperative visual acuity (35) .
To reduce the risk of PCR, the primary objective is the thorough and safe removal of lens fragments and vitreous from the anterior segment, whereas the stable placement of IOL is the secondary objective. It is also important to detect the signs of PCR, which include the sudden deepening of anterior chamber, spontaneous cortical shift, difficulty to remove the remaining nucleus or cortex, abnormal reflection of light by the posterior capsule and vitreous prolapse, as early as possible (20) . Following detection of posterior capsular rupture, intraocular surgery should be stopped and viscoelastic materials immediately injected to prevent the expansion of PCR; the vitreous prolapse into the anterior chamber and outside of the eye should be cut off completely using Mcpherson-Vannas scissors and remains of nucleus fragments carefully removed; and the lens cortex should be aspirated using the dry absorption method (36) . The aforementioned procedures should be completed away from the site of PCR. Intraoperative management should prioritize patient safety and aim to stabilize anterior chamber volume, minimize vitreous traction and protect the posterior capsular and zonular from any further damage (37) .
Prior to implantation of IOL into the scleral sulcus, viscoelastic materials should be injected into the anterior chamber and pupil to push the prolapsed vitreous into vitreous cavity to separate it from the posterior surface of the iris, thus exposing it to the ciliary sulcus and the remaining posterior capsule (38) . The first haptic of IOL should be inserted along the posterior surface of the iris; the optical part should then be rotated horizontally to allow implantation of the second haptic (38) . Ensuring the two haptics have been placed into ciliary sulcus, the position of haptic should be adjusted to ensure that at least one haptic is supported by the remaining posterior capsule (39) . Viscoelastic materials should be removed using low fluid flow and the anterior-posterior movement of IOL should be observed by assessing the change of anterior chamber depth. If no horizontal shift or tilt is observed, this indicates that the IOL is stable (40) . Finally, the injection of an air bubble into the anterior chamber at the end of cataract surgery exhibits no unfavourable effect on the corneal endothelium and as such protects the endothelium (41) to prevent the inflow of ocular surface fluid (42) , to protect from leakage of the surgical insicion (43) and to reduce anterior chamber inflammation following surgery (44) . The present study revealed that the anterior chamber depth and intraocular pressure were well maintained in the majority of patients. Only 1 patient exhibited transient elevated intraocular pressure complications.
In the present study, all patients experienced vision improvement with an uncorrected visual acuity of >0.3 in all patients 2 months onwards following surgery; visual acuity was 0.3-0.5 in 9 patients (81.8%) and >0.5 in 2 patients (18.2%). Wilczyński et al (45) demonstrated that the mean postoperative visual acuity of patients in a group that had experienced PCR was 0.63±0.27; by contrast, the reference group, who underwent uncomplicated cataract surgery exhibited a postoperative visual acuity of 0.78±0.18 (P<0.001); Patients that had experienced PCR were ~5 times more likely to exhibit a final visual acuity <0.5 compared with patients that had not experienced complications following surgery (45); Furthermore, patients that experience PCR are 2.6 times more likely to develop other early postoperative and intraoperative complications compared with patients that do not experienced complications (45) . In the present study, all patients achieved good visual acuity according to the WHO Guidelines at the Table II . Visual acuity in patients at each postoperative follow-up assessment (n=11). final follow-up (ranging from 2 to 6 months; however, due to poor local economic conditions and inconvenient travel, the median follow up time for patients was only 3.7 months. Thus, the visual acuity of patients 6 months postoperation cannot be predicted from the results of the current study. The present study evaluated the successful implantation of 11 rigid single-piece IOLs into the scleral sulcus into eyes of 11 patients that had undergone MISCS complicated by LPCR. None of the IOLs exhibited signs of decentering during the follow-up period. Rau et al (46) used ultrasound biomicroscopy to locate the IOL haptics following implantion in the ciliary sulcus and identified an asymmetry of the haptics positioning in 3 eyes (27.2%) and identified intraocular lens decentration in 2 eyes (18.1%). Sauer et al (47) used a Purkinje meter to locate the IOL implanted in the ciliary sulcus and observed that mean horizontal optic tilt was 7.68˚±5.16, mean vertical optic tilt was 3.01˚±2.44, horizontal decentration was 0.4±0.33 mm and vertical decentration was 0.31±0.21 mm. Due to the lack of equipment and supplies in the poor country of Africa (48) and the lack of an instrument to measure the tilt and decentration of IOL in the hospital, the method used in the present study to judge it is subjective and easily affected by pupil size and shape. However, this simple method was the only ways to judge the IOL position in the current study due to the limited medical equipment available. The current study completely removed the prolapsed vitreous to expose the scleral sulcus by injecting viscoelastic materials between the iris and the remaining anterior capsule. Subsequently, two haptics were placed into the sulcus and an air bubble was injected into the anterior chamber to maintain normal intraocular pressure at the end of the surgery. This enabled the successful implantation of the IOL into the sulcus without inducing tilt and decentration.
Number of patients
Early postoperative complications including pronounced anterior segment inflammation, MCEE, residual cortex and transient intraocular pressure, were temporarily observed in the patients included in the current study. Other complications were not observed during the follow-up time of the current study, including photopsia, pigment dispersion, intraocular hemorrhage, iris transillumination defects and cystoid macular edema (49) . Renieri et al (28) assessed the eyes of 13 patients with implanted IOL in the sulcus due to complications following phaco, including extensive posterior capsule rupture with or without vitreous loss. Postoperative complications included corneal edema (2 patients), Descemet folds (1 patient), intraocular pressure elevations (3 patients) and pronounced anterior segment inflammation (1 patient). Compared with these results, the present study obtained good results from MSICS, as no severe postoperative complication occurred. Gentle manipulation, appropriate scleral incision, protection of the corneal endothelium using viscoelastic material, complete aspiration of cortex and stable maintenance of intraocular pressure during surgery are able to reduce the risk of postoperative complications occurring in patients following MSCIS.
In conclusion, ciliary sulcus implantation of a rigid single-piece IOL may be a feasible method of treating patients with cataracts that have experienced complications including LPCR and produces satisfactory outcomes regarding visual acuity in patients. Appropriate intraoperative management may also reduce postoperative complications. Therefore, the current study demonstrates that IOL implantation may be a feasible and effective low-cost method of treating patients following MSICS complicated by LPCR in low-and middle-income countries.
